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(57) ABSTRACT

The present mvention provides a patterning method of an
organic EL device that can easily and efficiently be performed
with high definition, and that can control a contrast by a
luminous brightness.

In an organic EL device having an organic layer, including an
organic luminescent material, formed between a pair of
counter electrodes, ultraviolet ray 1s wrradiated to the organic
layer, and the amount of wrradiation 1s changed to form an
emission pattern having a contrast caused by a luminous
brightness corresponding to the amount of the 1rradiation of
the ultraviolet ray.
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PATTERNING METHOD OF ORGANIC
ELECTROLUMINESCENT DEVICE

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to a patterning method of an
organic electroluminescent (hereinatter referred to as organic
EL) device in which ultraviolet ray 1s 1irradiated to an organic
EL device to form a light-emission pattern.

2. Description of the Related Art

An organic EL device 1s a self-emitting type device
employing an organic compound as a luminescent maternal. It
can emit light with high speed, so that 1t 1s suitable for a
display of a moving image. Further, an organic EL device has
a characteristic that its device structure 1s simple, which
makes 1t possible to reduce a si1ze of a display panel. Since the
organic EL device has such an excellent characteristic, it has
been spreading 1n daily life for use 1n a cellular phone, or a
vehicle-mounted display.

There has conventionally been a method of coloring a
cathode layer with the use of amask, or a method of insulation
using a resist, as a method for patterning the organic EL
device.

However, these methods entail problems as follows. Spe-
cifically, a pattern blurring of a cathode occurs due to the
deviation of the mask, or the like. Further, appropriate solvent
corresponding to the organic luminescent material should be
selected, since the method 1ncludes a wet-type photolithog-
raphy process.

The term “pattern™ here indicates an 1con, character, letter,
illustration, graphic, design, or the like displayed on a device
panel, and the term “patterning” means providing the func-
tion for displaying these patterns.

In the conventional patterning method, 1t 1s difficult to cope
with high definition of the pattern. Therefore, various studies
have been made for amore efficient patterning method. For
example, Japanese Patent No. 2793373 proposes, as one
method of efficiently patterning with high definition, a pat-
terming method 1n which ultraviolet ray 1s wrradiated to an
organic EL. device and the irradiated area 1s made a non-
emission area.

In the patterning method disclosed 1n Japanese Patent No.
27933773, ultraviolet ray 1s 1rradiated to an organic EL device
betore or after an electrode 1s formed. When ultraviolet ray 1s
irradiated after a panel 1s formed, transmittance of the ultra-
violet ray at a transparent substrate and a transparent elec-
trode 1s insufficient, so that sufficient effect of the 1rradiation
of ultraviolet ray cannot be obtained. Therefore, 1t 1s difficult
to efficiently perform patterning with high definition.

In this patterning method, the area of the EL device where
ultraviolet ray 1s wrradiated 1s made a non-emission area,
resulting in that the contrast in the emission area cannot be
controlled.

SUMMARY OF THE INVENTION

The present invention 1s accomplished 1n order to solve the
foregoing technical problems, and 1ts object 1s to provide a
patterning method of an organic EL device by irradiation of
ultraviolet ray, that can easily and etficiently be performed
with high definition, and that can control a contrast by a
luminous brightness.

A patterning method of an organic EL device of the present
invention 1s characterized in that, 1n an organic EL device
having an organic layer, including an organic luminescent
material, formed between a pair of counter electrodes, ultra-
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violet ray 1s 1irradiated to the organic layer, and the amount of
irradiation 1s changed to form a emission pattern having a
contrast caused by a luminous brightness corresponding to
the amount of the 1rradiation of the ultraviolet ray.

According to the method described above, the contrast by
the luminous brightness 1s provided to the emission pattern,
whereby an organic EL panel having excellent design prop-
erty can easily be manufactured.

In the patterning method of the orgamic EL device
described above, ultraviolet ray may be irradiated to the
organic layer before the counter electrodes are formed. Alter-
natively, at least one of the counter electrodes may be a
transparent electrode, and ultraviolet ray may be irradiated
from the side of the transparent electrode of the organic EL
device.

In the patterning method of the orgamic EL device
described above, ultraviolet ray 1s preferably 1rradiated while
applying a bias between the counter electrodes.

Accordingly, 1t 1s possible to accelerate the speed of reduc-
ing brightness during the patterning carried out by 1rradiating
ultraviolet ray, whereby the patterning can efficiently and
simply be performed.

It1s preferable that the organic layer contains a polynuclear
phenanthroline dertvative expressed by a general formula (1):

Z(Y), (D

[wherein 7 1s a bivalent or trivalent group selected from the
group consisting of a bivalent or trivalent aromatic hydrocar-
bon group and a bivalent or trivalent heterocyclic group; and
Y 1s a phenanthroline group expressed by

|Chemical 1]

whereinnis 2 or3, R' to R” are groups independently selected
from the group consisting of hydrogen, alkyl group, alkoxy

group, aryl group (which may be substituted with alkyl
group), aryloxy group, aralkyl group (aryl group may be
substituted with an alkyl group), alkylamino group, ary-
lamino group, RCOO— (R 1s selected from the groups con-
sisting of an alkyl group, aryl group, and aralkyl group),
carboxyl group, amino group, trifluoromethyl group, nitro
group, halogen, cyano group, and XA (X 1s an atom selected
from the group consisting of O, S, Se and Te, and A 1s an alkyl

group or aryl group)].
The patterning by the irradiation of the ultraviolet ray can
eiliciently be performed by forming the organic layer with the

addition of the polynuclear phenanthroline derivative
described above.

In particular, the polynuclear phenanthroline derivative
expressed by the formula (1) 1s preferably a compound (1,4-
di(1,10-phenanthroline-2-yl)benzene (heremafter referred to
as DPB) expressed by
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As described above, the patterning method of the organic
EL device of the present mnvention does not need the prepa-
ration and setting of the deposition mask for the patterning
conventionally used, and the photolithography process,
whereby the patterning of the organic EL. device having a
contrast can easily be performed by using ultraviolet ray.

According to the present invention, an optional patterning
can be performed even after an organic EL device 1s formed
into a panel; thus, it 1s efficient. Also, the productivity of an
organic EL panel can be enhanced.

Further, the present invention makes it possible to manu-
facture an organic EL panel illumination or the like having
excellent design property 1n which a pattern having a contrast
appears only upon the light emaission.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a schematic sectional view showing one example
ol a patterning method of an organic EL device of the present
invention.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

The present invention will be explained below 1n detail.

The patterning method of an organic EL device of the
present invention 1s a method of patterning an organic EL
device, which has an organic layer containing an organic
luminescent material formed between a pair of counter elec-
trodes, with the irradiation of ultraviolet ray, wherein the
amount of the irradiation of ultraviolet ray to the organic layer
1s changed to form an emission pattern having a contrast.

According to the patterning method of the present inven-
tion, an optional patterning having a contrast can be per-
formed not only before the electrodes of the organic EL
device are formed but also after an organic EL panel is
formed, whereby an organic EL panel 1llumination or the like
having excellent design property can efficiently be manufac-
tured.

The ultraviolet ray for the patterning may be irradiated to
the organic layer before the counter electrodes are formed as
described above. Alternatively, a transparent electrode 1s used
as at least one of the counter electrodes, and the ultraviolet ray
may be 1rradiated from the side of the transparent electrode.
The ultraviolet ray can also be irradiated simultaneously
when sealing the organic layer with a photocuring adhesive.

When the ultraviolet ray is irradiated before the counter
clectrodes are formed, the ultraviolet ray 1s 1rradiated to the
organic layer without transmitting through the electrodes or
substrate, so that the effect of the irradiation can be increased.

On the other hand, when the ultraviolet ray 1s irradiated
alter the organic ELL device 1s formed 1nto a panel, the pat-
terming process becomes much easier since the handling
becomes easy.

5

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 1 1s a conceptual view showing one example of the
patterning method of an organic EL device of the present
invention. FIG. 1 shows the method in which the patterning 1s
performed after the organic EL device 1s formed.

The organic EL device shown 1n FIG. 1 has a transparent
clectrode (anode) 3, an organic layer 4 containing an organic
luminescent material, and cathode 5 that are successively
laminated on a transparent substrate 2, wherein the electrodes
3 and 3 are wired.

In the organic EL device, the side of the transparent sub-
strate 2 1s an emission surface. An ultraviolet shading mask 1
having a slit processed into a predetermined pattern shape 1s
placed onto the transparent substrate 2, and ultraviolet ray 1s
irradiated from above the mask 1.

Examples of a light source of the irradiated ultraviolet ray
include high-pressure mercury lamp, low-pressure mercury
lamp, hydrogen (heavy hydrogen) lamp, rare gas (Xenon,
argon, helium, neon, etc.) discharge lamp, nitrogen laser,
excimer laser (e.g., XeCl, XeF, KrF, Kr(Cl, etc.), hydrogen
laser, halogen laser, various harmonics of visible-inirared
laser (e.g., THG (Third Harmonic Generation) ray of YAG
laser), etc.

It 1s preferable that the wavelength of the ultraviolet ray 1s
within the range of 400 to 10 nm.

When the organic EL device to which the ultraviolet ray 1s
irradiated 1s caused to emit light, the luminous brightness at
the area not covered by the mask 1 and exposed to the irra-
diation of the ultraviolet ray 1s reduced.

By changing the amount of the irradiation by adjusting the
light intensity or irradiation time in the irradiation of the
ultraviolet ray, the luminous brightness of the organic EL
device also changes according to the amount of the 1rradiation
of the ultraviolet ray. The more the amount of the 1rradiation
of the ultraviolet ray i1s, the more the luminous brightness 1s
reduced, while the less the amount of the irradiation of the
ultraviolet ray 1s, the less the reduction ratio of the luminous
brightness 1s. When the amount of the 1irradiation of the ultra-
violet ray 1s O, 1.e., when the ultraviolet ray 1s not 1irradiated,
the luminous brightness becomes the largest.

By changing the amount of the irradiation of the ultraviolet
ray, the emission pattern having a contrast caused by the
luminous brightness can be formed as described above.

The amount of the 1rradiation of the ultraviolet ray can also
be adjusted by adjusting the shading rate of the ultraviolet ray
of the mask.

An optional patterning can be performed by the 1rradiation
of the ultraviolet in which the spot irradiation with the use of
a laser processing device, stepper, or the like 1s performed and
the device 1s moved on the plane, or the wrradiation of the
ultraviolet ray 1n which the ultraviolet spot 1s moved. In this
case, the amount of the irradiation of the ultraviolet ray can be
changed by adjusting the light intensity or irradiation time of
the ultraviolet spot, whereby an emission pattern having a
contrast can be formed by the luminous brightness.

Since the patterning can be carried out by the irradiation of
the ultraviolet ray of the present invention as described above,
the preparation and setting of a deposition mask, which are
conventionally necessary for the patterning, or the photolig-
hography process 1s unnecessary, whereby the patterning can
casily be performed.

At the area where the ultraviolet ray 1s irradiated, the lumi-
nous brightness of the organic EL device, patterned by the
method of the present invention as described above 1s reduced
with the increase of the integrated light quantity by the 1rra-
diation of the ultraviolet ray. Specifically, contrast of the
luminous brightness can be provided, and the contrast can be
changed according to the increase or decrease of the driving
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current of the device. The voltage of the device 1s increased
with the reduction in the brightness. The brightness-voltage
characteristic 1s stable showing no change over time.

Therefore, by using the above-mentioned phenomenon,

the patterning having a contrast can be formed only at the time

of the light emission. The organic EL device thus patterned 1s

suitable for the use of the 1llumination utilizing the surface
light emission characteristic.

The patterning method of the present invention described
above 1s also suitable for a multiphoton device having a
structure 1n which the light-emitting units of the organic EL
device are serially connected 1n a circuit and these light-
emitting units simultancously emit light.

In the patterning method described above, examples of the
organic layer that can be patterned by the irradiation of the
ultraviolet ray include the one having a polynuclear phenan-
throline dertvative expressed by the formula (1), such as DBP,
as a charge transporting material.

The organic layer having the polynuclear phenanthroline
derivative added thereto 1s preferable, since the deformation
such as 1irregularities by the irradiation of the ultraviolet ray 1s
not produced, and the effect of reducing the brightness by the
irradiation of the ultraviolet ray 1s significant even if strong
ultraviolet laser 1s not used, so that the patterning can effi-
ciently be performed.

The specific chemical formula of the polynuclear phenan-
throline derivative are as follows.

|Chemuical 3]
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In the patterning method of the present invention, it 1s
preferable that a bias 1s applied between the electrodes 3 and
5 when the ultraviolet ray 1s irradiated by the method shown

in FIG. 1.

By applying a bias, it 1s possible to accelerate the speed of
reducing the brightness even 1f the ultraviolet ray 1s irradiated
to the organic layer containing an organic material in which
the effect of reducing the brightness by the irradiation of the
ultraviolet ray 1s small, such as tris(8-quinolynol)aluminum
(Alq,), etc., 1.e., in which the speed of reducing the brightness
1s slow.

Therefore, the efficiency 1in forming the emission pattern
by the 1rradiation of the ultraviolet ray can be enhanced only
by applying a bias.

The organic EL device to which the patterning method of
the present mvention 1s applied may have an anode, organic
layer, and a cathode, which are successively laminated on a
substrate, wherein the organic layer may include a luminous
layer of an organic luminescent material, and the organic EL
device may further have a multi-layer structure including a
hole mjecting layer, hole transporting layer, electron trans-
porting layer, and electron 1njecting layer.

A transparent substrate having light transmittance for vis-
ible light 1s used for the substrate 1n the organic EL device 1n
the present invention, 1n case where the side of the substrate 1s
a light emission surface. The light transmittance 1s preferably
80% or more, more preferably 85% or more, and further more
preferably 90% or more.

Examples of the transparent substrate include 1n general an
optical glass such as BK7, BaK1, F2, etc., a glass substrate
such as quartz glass, alkali-free glass, boron silicate glass,
aluminosilicate glass, etc., an acrylic resin such as PMMA,
etc., a polymer substrate such as polycarbonate, polyether
sulfonate, polystyrene, polyolefin, epoxy resin, polyester
such as polyethylene terephthalate, etc.

It1s to be noted that, when the ultraviolet ray 1s 1rradiated to
the organic layer from the side of the transparent substrate for
patterning, the glass substrate such as quartz glass or alkali-
free glass 1s preferably used, since 1t 1s difficult to absorb the
ultraviolet ray.

The substrate having a thickness of about 0.1 to 10 mm 1s
generally used. Considering the mechanical strength, weight,
or the like, the thickness of the substrate 1s preferably 0.3 to 5
mm, and more preferably 0.5 to 2 mm.

In order to obtain suificient luminous brightness and 1n
order to sufliciently irradiate ultraviolet ray to the organic
layer, 1t 1s preferable that a transparent or semi-transparent
substrate 1s used as at least one of the anode and cathode in the
organic EL device of the present invention. The term trans-
parent electrode in the present invention includes the semi-
transparent electrode.
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The anode 1s composed of a metal, alloy, conductive com-
pound, etc. having a large work function (4 €V or more).
Normally, the transparent electrode 1s used for the anode on
the transparent substrate.

Metal oxides such as indium tin oxide (ITO), indium zinc
oxide, zinc oxide are generally used for the transparent elec-
trode. In particular, ITO 1s used suitably in terms of transpar-
ency or conductivity.

The thickness of the transparent electrode 1s preferably 80
to 400 nm, and more preferably 100 to 200 nm for securing,
transparency and conductivity.

On the other hand, the cathode opposite to the anode 1s
composed of a metal, alloy, conductive compound, or the like
having a small work function (4 eV or more). Examples of the
material for the cathode include aluminum, aluminum-
lithium alloy, magnestum-silver alloy, efc.

The thickness of the cathode 1s preferably 10 to 500 nm,
and more preferably 50 to 200 nm.

The anode and cathode can be formed by the film formation
method generally used, such as a sputtering method, 10n
plating method, deposition, etc.

The material for the hole 1injecting layer, hole transporting,
layer, luminous layer, electron transporting layer, and elec-
tron injecting layer in the organic layer of the organic EL
device of the present invention 1s not particularly limited, but
any known material can be used, and further, either one of
low-molecular material and high-molecular material can be
used.

It 1s to be noted that, 1t 1s necessary for the organic layer to
contain a compound, such as the polynuclear phenanthroline
derivative represented by DPB and expressed by the formula
(I), that can be patterned by the 1rradiation of the ultraviolet
ray.

Each of the layers 1n the organic layer can be formed by
generally used various film formation methods such as a spin
coating method, vacuum deposition method, etc.

The thickness of each layer can appropniately be deter-
mined according to the condition considering the adaptability
among each layer or desired whole thickness, but 1s prefer-
ably within the range of 5 nm to 5 um 1n general.

The constituent of the organic layer in the organic EL
device of the present invention will specifically be explained.

Examples of the luminescent materials forming the lumi-
nous layer include low-molecular luminescent materials such
as 9,10-diarylanthracene dermvative, pyrene, coronene,
perylene, rubrene, 1,1.4,4-tetraphenyl butadiene, tris(8-
quinolate) aluminum complex, tris(4-methyl-8-quinolate)
aluminum complex, bis(8-quinolate) zinc complex, tris(4-
methyl-5-trifluoromethyl-8-quinolate) aluminum complex,
tris(4-methyl-3-cyano-8-quinolate) aluminum complex, bis
(2-methyl-5-tritfluoromethyl-8-quinolinolate) [4-(4-Ccy-
anophenyl)phenolate]aluminum complex, bis(2-methyl-5-
cyano-8-quinolinolate) [4-(4-cyanophenyl)phenolate]
aluminum complex, tris(8-quinolylate) scandium complex,
bis[8-p-tosyl]Jaminoquinoline]zinc complex or cadminum
complex, 1,2,3.4-tetraphenyl cyclopentadiene, poly-2,5-di-
heptyloxy-p-phenylenevinylene, etc.

Further, examples further include the one obtained by dis-
persing a low-molecular material of a phosphorescent mate-
rial such as coumarin-based phosphor, perylene-based phos-
phor, pyrane-based phosphor, anthrone-based phosphor,
porphyrin-based phosphor, quinacridone-based phosphor,
N,N'-dialkyl-substituted = quinacridone-based phosphor,
naphthalimide-based phosphor, N,N'-diaryl-substituted-pyr-
rolopyrrole-based phosphor, inndium complex, etc. dispersed
in a high-molecular material such as polystyrene, polymethyl
methacrylate, polyvinylcarbazole, etc.
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Other examples include PPP derivative such as poly(2-
decyloxy-1,4-phenylene) (DO-PPP), poly[2,5-bis-[2-(N,N,
N-triethyl ammonium)ethoxy]-1,4-phenyl-0-1,4-phenylene]
dibromide, etc., and high-molecular material such as poly|[2-
(2'-ethylhexyloxy)-5-methoxy-1.,4-phenylenevinylene]
(MEH-PPV), poly[5-methoxy-(2-propanoxysulifonide)-1,4-
phenylenevinylene] (MPS-PPV), poly[2,5-bis(hexyloxy)-1,
4-phenylene (1-cvanovinylene)] (CN-PPV), poly(9,9-dio-
ctylfluorene) (PDAF), polyspirofluorene, etc. Further, a high-
molecular precursor such as PPV precursor, PPP precursor,
ctc. and other existing luminescent materials can be used.

Examples of the hole transporting material forming the
hole transporting layer include metal phthalocyanines or
metal-free phthalocyanines such as copper phthalocyanine,
tetra(t-butyl) copper phthalocyanine, etc., aromatic amine-
based low-molecular materials such as quinacridone com-
pound, 1,1-bis(4-di-p-tolylaminophenyl) cyclohexane, N,N'-
diphenyl-N,N'-b1s(3-methylphenyl)-1,1"-biphenyl-4,4'-
diamine, N,N'-di(1-naphthyl)-N,N'-diphenyl-1,1"-biphenyl-
4.4'-diamine, etc., high-molecular matennal such as
polyaniline, polythiophene, polyvinylcarbazole and mixtures
of poly(3,4-ethylenedioxythiophene) with polystyrene-
sulfonic acid, thiophene oligomer materials, and other exist-
ing hole transport materials.

The above-mentioned polynuclear phenanthroline deriva-
tives are suitably used as the electron transporting material for
forming the electron transporting layer, and other than the
polynuclear phenanthroline derivatives, examples of the elec-
tron transporting material include 2-(4-biphenylyl)-5-(4-t-
butylphenyl)-1,3,4-oxadiazole, oxadiazole derivatives, bis
(10-hydroxybenzo[h]quinolinolate) berylllum complexes,
triazole compounds and the like.

The materials same as the hole 1njection can be used as the
hole transporting materials, and the hole transporting mate-
rials and hole 1njecting materials may be formed into a single
layer, formed by the combination of different materials, or
formed into plural layers. The same 1s true for the relationship
between the electron transporting materials and the electron
injecting materials.

Some of the materials described above have the function as
the luminescent materials.

Examples of the solvent for dissolving or dispersing the
luminescent materials include toluene, xylene, acetone, hex-
ane, methyl ethyl ketone, methyl 1sobutyl ketone, cyclohex-
anone, methanol, ethanol, 1sopropyl alcohol, ethyl acetate,
butyl acetate, 2-methyl-(t-butyl) benzene, 1,2,3.4-tetrameth-
ylbenzene, pentylbenzene, 1,3,5-triethylbenzene, cyclohexy-
Ibenzene, 1,3,5-tr1-1sobutylbenzene, etc. The solvents
described above can be used singly or these solvents can be
mixed. An additive such as a surfactant, an oxidization inhibi-
tor, a viscosity modifier or an ultraviolet absorbent may be
added to these solvents as needed.

Examples of the solvent for dissolving or dispersing the
hole transporting or injecting materials or electron transport-
ing or injecting materials iclude toluene, xylene, actone,
methyl ethyl ketone, methyl 1sobutyl ketone, cyclohexanone,
methanol, ethanol, 1sopropyl alcohol, ethyl acetate, butyl
acetate, water, etc. These solvents can be used singly, or these

solvents can be mixed.

EXAMPLES

The present invention will be explained in more detail with
reference to examples. However, the invention 1s not limited
by the examples described below.

Example 1

The organic EL device with a thickness of 10 mmx10 mm
having the structure described below was manufactured. Spe-
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cifically, a transparent electrode having formed thereon an
I'TO film with a thickness of 150 nm was formed on a glass
substrate having a thickness of 0.7 mm. Formed on the trans-
parent electrode were a molybdenum trioxide doped N,N'-d1
(naphthalene-1-y1)-N,N'-diphenyl benzidine (o.-NPD) film
with a thickness of 10 nm serving as a hole injecting layer, an
a.-NPD film with a thickness of 21 nm serving as a hole
transporting layer, a film composed of tris(8-quinolynol)alu-
minum{Alqg,) and a compound of 2,3,6,7-tetrahydro-1,1,7.7-
tetramethyl-10-(thiazole-2-y1)-1H,5H,11H-[1]benzopyrano
[6,7,8-11]quinolizin-11-one (NKX-13595) expressed by

|Chemical 30]
)
‘/\ X S

with a thickness of 30 nm serving as a luminous layer, a DPB
film having a thickness of 32 nm serving as an electron
transporting layer, a film composed of DPB and mono(8-
quinolynolate) lithtum complex (Liq) with a thickness of 10
nm serving as an electron injecting layer, and an aluminum
f1lm with a thickness of 60 nm serving as a backside electrode
(counter electrode), these layers being successively lami-
nated.

The organic EL device at the side of the transparent sub-
strate was covered by an ultraviolet shading mask having an
opening with a diameter of 2 mm, and ultraviolet ray (peak
wavelength: 365 nm, 150 mW/cm?) was irradiated thereto in
a predetermined amount.

The luminous state of the EL device when the ultraviolet
ray was irradiated in 1.5 J/cm?, the luminous state when the
ultraviolet ray was irradiated in 7.5 J/cm”, the luminous state
when the ultraviolet ray was irradiated in 15.0 J/cm” and the
luminous state when the ultraviolet ray was not 1rradiated
were observed and compared.

As a result of the visual observation, in case where the
ultraviolet ray was irradiated in 1.5 J/cm” and where the
ultraviolet ray was not irradiated, the whole surface of the
device emits green light. When the ultraviolet ray was 1rradi-
ated in 7.4 J/cm” and 15.0 J/cm?, the green light emission is
dark only at the mask opening portion.

Ultraviolet ray was irradiated to the whole surface of the
organic EL device manufactured in the same manner as in the
above-mentioned case without using a mask, and the bright-
ness reduction and brightness-voltage characteristic by the
irradiation of the ultraviolet ray were evaluated.

Table 1 shows, as the evaluation result of the brightness
reduction, the relationship between the ratio of the brightness

of the device after the 1rradiation of the ultraviolet ray to the
brightness when the ultraviolet ray was not irradiated and the

integrated light quantity.

Examples 2 and 3

An organic EL device was manufactured in the same man-
ner as 1n Example 1 except that the thickness of the o.-NPD
film serving as the hole transporting layer was set to 50 nm
(Example 2) or set to 80 nm (Example 3).
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The observation and evaluation of each organic EL device
after the 1rradiation of the ultraviolet ray were performed 1n
the same manner as 1n Example 1.

As a result of the visual observation, 1n case where the
ultraviolet ray was irradiated in 1.5 J/em® and where the
ultraviolet ray was not wrradiated, the whole surface of the
device emits green light. When the ultraviolet ray was 1rradi-
ated in 7.5 J/em® and 15.0 J/cm?, the green light emission is
slightly dark only at the mask opening portion. Compared to
Example 1, the green light emission became darker in
Example 2, and further darker in Example 3. The green light
emission was slightly darker in the case of the irradiation
amount of the ultraviolet ray of 15.0 J/cm” than the case of the
irradiation amount of the ultraviolet ray of 7.5 J/cm?.

Table 1 shows the result of the evaluation of the brightness
reduction.

The same evaluation of the brightness-voltage characteris-
tic for the device in Example 2 was carried out 60 days after
the 1rradiation of the ultraviolet ray.

Comparative Example 1

An organic EL device was manufactured 1n the same man-
ner as 1n Example 2 except that Alq, was used 1nstead of the
DPB for the electron transporting layer and the electron
injecting layer.

The observation and evaluation of the organic EL device
alter the 1rradiation of the ultraviolet ray were performed 1n
the same manner as 1n Example 1.

As a result of the visual observation, the whole surface of
the device emitted green light regardless of the 1rradiation
amount of the ultraviolet ray.

Table 1 shows the result of the evaluation of the brightness
reduction.

TABLE 1

Integrated light

quantity (J/em?)
(%) 0 7.5 15 30
Example 1 100 56 27 8
Example 2 100 76 46 22
Example 3 100 81 64 41
Comparative 100 97 99 101
Example 1

It was found from the comparative observation of the lumi-
nous states and the result of the evaluation of the brightness
reduction of Examples 1 to 3 and Comparative Example 1
shown 1n Table 1 that the device using Alqg, for the electron
transporting material (Comparative Example 1) emuitted
green light regardless of whether the ultraviolet ray was irra-
diated or not, and the brightness reduction did not appear.

On the other hand, although the device using DPB for the
clectron transporting material (Examples 1 to 3) emitted
green light, 1t was confirmed that the brightness at the area
where the ultraviolet ray was 1rradiated was reduced with the
increase of the itegrated light quantity of the rradiation of
the ultraviolet ray.

Comparing Examples 1 to 3, 1t was observed that the effect
of reducing the brightness by the irradiation of the ultraviolet
ray was small as the o-NPD {ilm for the hole transporting
layer was thick.

It was found from the result of the evaluation of the bright-
ness-voltage characteristic that the voltage of the device was
increased with the increase of the integrated light quantity of
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the rradiation of the ultraviolet ray. In this case, no change
appears 1n the brightness-current density efficiency.

The voltage of the device (Example 2) using the DPB for
the electron transporting material at the brightness of 1 kcd/
m~ was 4.2 V, which was smaller than the voltage of 5.8 V of 3
the device (Comparative Example 1) using Alqs,.

As aresult of the evaluation of the brightness-voltage char-
acteristic carried out 60 days after the 1rradiation of the ultra-
violet ray in Example 2, 1t was found that the characteristic
hardly changed from that immediately after the irradiation of
the ultraviolet ray, so that the long-term stability of the pat-
terming by the irradiation of the ultraviolet ray was confirmed.

It was confirmed from the above that the organic EL device
using the DPB for the electron transporting material could
realize a control of a contrast by the luminous brightness
according to the irradiation amount of ultraviolet ray, and
therefore, the stable patterming could be performed.
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Example 4 20
Ultraviolet ray in an amount of 15.0 J/cm” was irradiated to

the whole surface of the device manufactured in Comparative
Example 1 1n the same manner as 1n Example 1, while apply-
ing a bias (+7.5 V) between the electrodes of the device, and
the brightness reduction was evaluated.

As aresult, theratio of the brightness after the irradiation of
the ultraviolet ray to the brightness when the ultraviolet ray
was not irradiated was 83%.

25
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Comparative Example 2

Ultraviolet ray was 1rradiated to the device same as that 1n
Example 4 1n the same manner as 1n Example 4 without
applying a bias, and the brightness reduction was evaluated.

As aresult, the ratio of the brightness after the irradiation of
the ultraviolet ray to the brightness when the ultraviolet ray
was not irradiated was 95%.

35

Example 5 40

An organic EL device was manufactured 1n the same man-
ner as 1n Comparative Example 1 except that the thickness of
the a.-NPD film for the hole transporting layer was set to 41.5
nm and the thickness of Alq, for the electron transporting s
layer was set to 71 nm.

Ultraviolet ray was 1rradiated to this organic EL device 1n
the same manner as 1n Example 4, and the brightness reduc-
tion was evaluated.

As aresult, theratio of the brightness after the irradiationof 5,
the ultraviolet ray to the brightness when the ultraviolet ray
was not irradiated was 92%.

Comparative Example 3

Ultraviolet ray was 1rradiated to the device same as that 1n >
Example 5 in the same manner as in Example 4 without
applying a bias, and the brightness reduction was evaluated.

As aresult, the ratio of the brightness after the irradiation of
the ultraviolet ray to the brightness when the ultraviolet ray
was not irradiated was 100%.

As shown 1n Examples 4 and 5 and Comparative Examples
2 and 3, 1t was found that, by applying a bias in the 1rradiation
of the ultraviolet ray (Examples 4 and 5), it 1s possible to
accelerate the speed of reducing the brightness even 1n the
device using Alq, for the electron transporting layer that did
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not show the brightness reduction only by the 1rradiation of
the ultraviolet ray (Comparative Examples 2 and 3).

What 1s claimed 1s:

1. A patterning method of an organic electroluminescent
device having an organic layer, containing an organic lumi-
nescent material, between a pair of counter electrodes,

wherein at least one of the counter electrodes 1s a transparent
clectrode, ultraviolet ray is 1rradiated to the organic layer
from the transparent electrode side of the organic electrolu-
minescent device while applying a bias between the counter
clectrodes, and the irradiation amount 1s changed so as to
form an emission pattern having a contrast caused by the
luminous brightness corresponding to the irradiation amount
of the ultraviolet ray.

2. The patterning method of an organic electroluminescent
device according to claim 1, wherein the organic layer con-
tains a polynuclear phenanthroline derivative expressed by a
general formula (I):

Z(Y),

(D

[wherein Z 1s a bivalent or trivalent group selected from the
group consisting of a bivalent or trivalent aromatic hydrocar-
bon group and a bivalent or trivalent heterocyclic group; and
Y 1s a phenanthroline group expressed by

N\\ / R’
/\

RS

|Chemical 1]
1

;
\% .

R4

whereinnis 2 or3, R" to R” are groups independently selected
from the group consisting of hydrogen, alkyl group, alkoxy
group, aryl group (which may be substituted with alkyl
group), aryloxy group, aralkyl group (aryl group may be
substituted with an alkyl group), alkylamino group, ary-
lamino group, RCOO— (R 15 selected from the groups con-
stituting an alkyl group, aryl group, and aralkyl group), car-
boxyl group, amino group, trifluoromethyl group, nitro
group, halogen, cyano group, and XA (X 1s an atom selected
from the group consisting of O, S, Se and Te, and A 1s an alkyl
group or aryl group)].

3. The patterning method of an organic electroluminescent
device according to claim 2, wherein the polynuclear phenan-
throline derivative expressed by the formula (I) 1s a com-
pound expressed by

|Chemuical 2]
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